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[57] ABSTRACT

A “DX” heat pump is provided herein which is based
on the principle of providing optimal heat exchange in
the heating mode through three parallel ground loops,
two of which can be cut off from the system and evacu-
ated of refrigerant in the cooling mode. The loops are
designed in terms of volume so that the refrigerant
charge is correct in the heating mode when split 1n three
loops and also correct 1n the cooling mode when only
one loop is used, but it contains the full system refriger-
ant charge.

18 Claims, 9 Drawing Sheets
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DIRECT EXPANSION GEOTHERMAL HEAT
PUMP

BACKGROUND OF THE INVENTION

(a) Field of the Invention

This invention relates to a geothermal heat pump for
restdential or commercial use falling under the general
category of what is known in the industry as a “direct
expansion” heat pump, (hereinafter referred to as a
“DX” heat pump).

(b) Description of the Prior Art

Conventional technology concerned with heat
pumps relies upon the transfer of heat from the ground
by means of a secondary working fluid, e.g., water,
which i1s pumped to the geothermal unit located in the
heated structure. The conventional heat pump has its
own Internal heat exchanger which extracts the heat
(heating mode) from this water, which is then pumped
back to the earth to be reheated.

Such geothermal heat exchange is an efficient and
effective way of achieving heat exchange in heating and
air conditioning systems, and especially heat pump type
systems. Since the ground temperature is relative con-
stant at about 48° F. at a depth below the frost line, the
available heat 1s constant.

“DX" systems similarly use a ground coil system.
However the working fluid is a refrigerant and the
copper ground loop 1s the primary heat exchanger. A
problem which has been associated with such systems is
the means and manner in which the heat exchange coils,
or outdoor coils, are placed into the ground to achieve
geothermal heat exchange.

If the geothermal outdoor coils are placed into the
ground in a vertical fashion, installation may be easily
accomplished by drilling or boring holes into the
ground, into which the wvertical geothermal outdoor
coils may be placed. The coils may quickly and easily be
placed into the ground to a depth which is sufficient to
overcome ground freezing problems associated with
colder chimates.

Heretofore, one reason why placing coils into the
ground in a vertical fashion has not been workable was
due to the fact that, when sufficient refrigerant was
placed into the system to achieve maximum efficiency
in both the heating and cooling cycles, the refrigerant,
as 1t condensed in the ground coils, caused a liquid
refrigerant build-up. The compressor was unable prop-
erly to move the refrigerant through the system when
the liquid refrigerant settled within the ground coils,
making the system unworkable. Damage to the com-

pressor could occur when the compressor forced liquid
refrigerant into the intake of the compressor, since com-

pressors for such systems are designed for receiving and
compressing gases.

Such problem associated with vertical outdoor geo-
 thermal coils was attempted to be solved by placing the
coils into the ground 1n a horizontal fashion. Placing the
coils 1nto the ground in a horizontal fashion partially
alleviated the problem of liquid refrigerant build-up.
However, this technique required a vast amount of
available ground to achieve the proper heat exchange,
as well as the excavation of sufficient land to place
enough ground coils to achieve sufficient heat ex-
change. In colder climates, this excavation must also be
to a sufficient depth to place the coils for proper heat
exchange. In short, placing the geothermal coils in a
horizontal fashion was more difficult, expensive, and
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required much more available ground than does placing
of the coils into vertical holes.

It has also been common practice to provide heat
pump systems which included means for reversing the
direction of flow of refrigerant from the compressor
through two heat exchangers so that the functions of
the heat exchangers were reversed. Thus, one of the
heat exchangers was adapted to heat or cool the air of a
room, for example, according to the direction of flow of
refrigerant. When the direction of flow of refrigerant
was reversed, it was necessary to alter the degree of
restriction between the two heat exchangers to provide
for proper operation of the system in the alternative
function. Altering the degree of restriction relative to
the direction of flow of refrigerant was necessary since
a system optimized for cooling generally had insuffi-
cient restriction to provide optimum performance when
operated to supply heat. That is, in a system optimized
for cooling, the compressor normally circulated refrig-
erant through the evaporator faster than the surface
could evaporate the refrigerant when the system was
operated in the heating cycle. The compressor, in the
heating cycle, then pumped unevaporated refrigerant
and the system efficiency was low. To overcome this
problem, variable restriction systems, using a “TX” or
thermostatic expansion valve, have been employed in
such heat pump systems. In many instances, two restric-
tors have been provided together with parallel valve
systems, each of which was adapted to function in ac-
cordance with the direction of refrigerant flow.

A direct earth coupled heat pump was one that had
its refrigerant evaporator/condenser in direct thermal
contact with the earth from which heat was either ex-
tracted from in the heating mode or is introduced to in
the cooling mode of operation. Many attempts have
been made in the past to develop successful direct cou-
pled heat pumps for residential and commercial uses.
These attempts have failed adequately to meet 2 number
of requirements associated with an economically and
functionally viable system. Some of the shortcomings
included: 1nadequate oil return to the compressor pri-
marily in the heating mode; inadequate evaporator
length and spacing for properly extracting heat from
the earth resulting in low capacity and low efficiency of
the systems; lack of a proper means to store additional
refrigerant required during the cooling operation, but
not needed during the heating mode; lack of volume
control of the compressor for providing the necessary
increase in displacement during the heating operation
over that displacement needed for the cooling opera-
tion. This lack of displacement control resulted in insuf-
ficient heating capacity during the coldest weather.

U.S. Pat. No. 4,920,757 patented May 1, 1990 by J.
Gazes et al attempted to provide a solution to overcome
the problems associated with heat exchange with the
outside air, water and geothermal means which have
been employed for heat exchange. The patented solu-
tion was the provision of a geothermal heating and air
conditioning system which included a compressor for
compressing a refrigerant, and one or more indoor coils
for heat exchange between the refrigerant and inside
air. One or more outdoor coils were placed vertically
below ground for heat exchange between the refriger-
ant and earth surrounding the outdoor coils. A conden-
ser/receiver allowed the refrigerant to pass through the
condenser/receiver in either direction, and was posi-
tioned between the indoor coil and the ground coils,
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allowing for heat exchange so as to control the state and
temperature of the refrigerant. The condenser/receiver
had sufficient volume capacity to accumulate liquid
refrigerant to prevent liquid refrigerant from entenng
the compressor. A portion of the refrigerant travelling
between the indoor coils and the outdoor coils was
diverted to an inlet side of the compressor. A valve
controlled a flow of refrigerant in response to refriger-
ant pressure on the inlet side of the compressor.

U.S. Pat. No. 5,038,580 patented Aug. 13, 1991 by D.
P. Hart attempted to provide a solution to problems
associated with heat pumps having direct earth coupled
heat exchangers. The patented improvement provided a
heat pump system having a sub-surface heat exchanger
which used a heat exchanging flmd existing in gaseous
and liquid form. The heat pump system included a com-
pressor for compressing the heat exchanging fluid. A
four-way reversing valve for directing the flow of the
heat exchanging fluid was functionally connected to the
compressor. An indoor heat exchange coil, functionally
connected to the four-way reversing valve, was pro-
vided for transferring heat to or from the interior of a
building. An accumulator, also functionally connected
to the four-way reversing valve, was provided for trap-
ping and storing liquids within the apparatus. A plural-
ity of sub-surface tapered heat exchanger tubes were
functionally connected to the four-way reversing valve.
A bi-directional balanced expansion valve was function-
ally connected to the sub-surface heat exchanger. A
receiver was provided for storing excess fluid function-
ally connected to the expansion valve and to the indoor
heat exchange coil. |

U.S. Pat. No. 4,327,560 patented May 4, 1982 by H. L.
Leon et al, provided an earth-embedded heat pump
system. That patent provided a system for transferring
heat from the earth to a conditioned space wherein the
heat transfer fluid was circulated in a substantially
closed loop through an earth coil. Sections of the coil
were jacketed with one or more hermetically-sealed
enclosures which were adapted to be charged with a
composition which, upon crystallization, released latent
heat. The transition temperature at which the latent
heat was released and the rate at which the latent heat
was released to the heat transfer fluid was said to stabi-
lize its temperature within a range which provided for
an inlet condition to a water-to-air heat pump which
was favourable to a high heat output from the heat
pump system per unit energy input.

In U.S. Pat. No. 4,437,583 patented Mar. 8, 1983 by J.
E. Downy, Jr., a complete system was disclosed for
providing space heating and cooling, for an indoor
living space which brought the heat from the geother-
mal storage capacity, (the earth), to the indoor living
space during the heating season and extracted heat from
the indoor living space and absorbed the heat into stor-
age during the cooling season. In the patented system, a
relatively massive thermal storage unit was interposed
between the geothermal storage capacity, (the earth),
and the indoor living space environment which was to
be heated or cooled. A working fluid, e.g., water, was
circulated between the massive thermal storage unit,
and the geothermal storage capacity, (the earth). A heat
pump was operatively connected between the massive
thermal storage unit and the indoor living space envi-
ronment. In addition, the working fluid, was circulated
between heat exchangers, one of which was located 1n
the massive thermal storage unit in contact with the
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working fluid therein and the second of which was
located in the indoor living space environment.

U.S. Pat. No. 4,445,343 patented May 1, 1984 by W.
J. McCarty provided a heat pump system comprising a
compressor and two heat exchangers connected in a
refrigerating circuit. Such refrigerating circuit was pro-
vided with refrigerant flow restricting means between
the heat exchangers. Such restricting means imported
relatively high restriction to the flow of refrigerant
between the heat exchangers in one direction and a
relatively lower restriction to the flow of refrigerant
between the heat exchangers in the opposite direction.

U.S. Pat. No. 4,646,538 patented Mar. 3, 1987 by A. J.
Blackshaw et al provided a heat pump system which
had the capability of both space heating and cooling and
which used the minimum number of components while
at the same time permitting any two heat exchangers in
the system to be used without involving the other heat
exchanger so that any heat exchanger not being used 1n
a particular mode could be bypassed. Further, those
portions of the system not being utilized in any mode
remained connected to the suction side of the compres-
sor to depressurize that portion of the system. Liquid
traps prevented the undesired build-up of refrigerant in
that portion of the system not being currently used. The
system design was said to permit the various operational
modes by using only one additional externally con-
trolled valve over that associated with a heat pump
system used only to space heat and cool with the rest of
the additional components used to interconnect the
system being operated without any external control
force.

The patented apparatus included a refrigerant pres-
surizing means whose high pressure outlet was con-
nected to the input of a three-way valve. One output of
the three-way valve was connected to the common
input of a four-way valve. The common output of the
four-way valve was connected to the suction side of the
refrigerant pressurizing means. One of the reversible
outlet ports on the four-way valve was connected to a
space heat exchanger while the other reversible outlet
port on the four-way valve was connected to a source
heat exchanger. The opposite sides of the space and
source heat exchangers were connected to each other
through a reversible expansion device. The other out-
put of the three-way valve was connected to an alter-
nate heat exchanger. The other side of the alternate heat
exchanger was connected to an alternate expansion
device. The other side of the alternate expansion device
was connected to the common point between the re-
versible expansion device and the space heat exchanger
through a check valve allowing refrigerant to flow
from the alternate heat exchanger to the space heat
exchanger through a check valve. The other side of the
alternate expansion device was also connected to the
common point between the reversible expansion device
and the source heat exchanger so that refrigerant could
flow from the alternate heat exchanger to the source
heat exchanger through a check valve.

As is evident from the above discussion, the general
refrigeration cycle of a “DX” heat pump is similar to a
conventional water-to-air or water-to-water heat pump
in that it includes a compressor, an expansion device, a
reversing valve, and a refrigerant-to-air heat exchanger.
The unit functions as both a heating and cooling device
and also generates domestic hot water. The “DX"” heat
pumps differ from conventional geothermal hquid
source heat pumps in that the heat exchanger which
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transfers heat to and from the earth is an external part of
the unit and is embedded directly in the earth in either
a horizontal or vertical configuration. A “DX” machine
takes the heat exchanger directly to the source of heat
(the earth) while a conventional unit with a self-con-
tained heat exchanger relies on having a fluid contain-
- ing heat pumped to it for extraction. The heat pump and
exchanger comprise one integral unit.

SUMMARY OF THE INVENTION

{(a) Aims of the invention

In spite of these purported solutions to such problems
the art has not yet solved the problem of providing a
“DX” geothermal heat pump which solves the engi-
neering obstacles, and in particular, the refrigerant im-
balance and oil return problems that have prevented the
widespread general acceptance of this type of product
in the industry. Widespread use of “DX” heat pumps
has been hindered by several factors: vastly different
demands put on the earth heat exchanger during heating
and cooling modes; difficulty in maintaining oil return
in the refrigeration system; difficulty in providing an
easy-to-install system of earth heat exchanger loops; and
refrigerant charges in the range of 10 times greater than
a similar capacity conventional geothermal heat pump.

For heat to be absorbed from the ground, it is neces-
sary to create a temperature differential (**TD”) be-
tween the ground and the refrigerant inside the heat
exchanger. Heat is absorbed from the ground when the
refrigerant undergoes a change of state from a liquid to
a gas as result of exposure to the warm earth. It 1s im-
portant that the heat exchanger be as large as possible to
maintain the smallest TD between the earth and the
refrigerant. By matntaining the highest refrigerant tem-
perature the highest refrigerant pressure 1s also main-
tained in the earth exchanger or evaporator (as it is
called during the heating mode of the heat pump). This
msures that the compressor receives the most dense
charge at its suction inlet and thus operates at the high-
est volumetric efficiency.

The inhibiting engineering factor in arbitrarily sizing
the earth exchanger piping to any diameter and length is
that a minimum velocity of the refrigerant gas must be
maintained to entrain or sweep the compressor lubricat-
ing oil back to the machine at all times. Another factor
which i1s important in “DX” heat pump systems is that
whatever configuration of tubing underground that is
used as an evaporator in the heating mode is typically
used as a condenser in the cooling mode of the heat
pump.

Durning the cooling cycle of a “DX” heat pump the
problem exists of a much smaller earth heat exchanger
being required to reject heat to the earth. Typically the
discharge gas temperature is from about 175° F. to
about 200° F. and actual condensing temperature may
be about 110° F. From an engineering standpoint, a
large “TD” is encountered between the hot gas temper-
ature and the earth. The temperature difference would
indicate that only about 15 to 209 of the surface area
would be required to handle this heat of rejection under
such circumstances. When a typical system has been
sized and charged with enough refrigerant to operate
correctly in the heating mode and then is reversed to
the cooling mode, the compressor will merely pump all
the refrigerant to the earth coils where it will stay be-
cause the compressor 1s unable to create enough pres-
sure to overcome the pressure drop in the liquid line,
“TX” valve and internal evaporator. The refrigeration
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cycle i1s effectively stopped since the compressor will go
into a vacuum position on the suction side and shut off
on internal safety devices.

To solve this problem it has been proposed by others
to disable the heat exchange capabilities of the earth coil
now operating as a condenser coil by filling 1t with
refrigerant until it 1s approximately 75% full of hquid
refrigerant. Under these circumstances, the compressor
is able to build up enough discharge pressure to force
liquid back to the evaporator and the refrigeration cycle
can proceed. In solving the refrigerant flow problem in
this manner, however, several very negative circum-
stances are created, namely: approximately three times
as much refrigerant is required in the cooling mode as is
required in the heating mode, i.e. typically about 50 to
about 60 lbs. for a well designed 3—4 ton system, a large
refrigerant storage tank (called a receiver) must be em-
ployed to store the refrigerant not used during the cool-
ing mode; a similarly-sized accumulator must be in-
stalled to catch the inrush of liquid during the switch-
over from cooling to heating so that the compressor
will not be damaged; and the machine suffers very poor
performance (COP) during switch-over from heating to
cooling while the refrigerant is being positioned into or
out of the receiver as required for the mode change.

An object therefore of the invention is to provide an
improved “DX” heat pump for installation in various
locations with diverse soil types using either vertical or
horizontal evaporator/condenser coils in the earth
while having the heat pump operate efficiently as possi-
ble both in the heating mode or in the cooling mode.

(b) Statement of Invention

‘The present invention, in broad terms, 1s a “DX” heat
pump which is based on the principle of providing opti-
mal heat exchange in the heating mode through three
parallel ground loops, two of which can be cut off from
the system and evacuated of refrigerant in the cooling
mode. The loops are designed in terms of volume so
that the refrigerant charge i1s correct in the heating
mode when sphit in three loops and also correct in the
cooling mode when only one loop is used, but it con-
tains the full system refrigerant charge.

The present invention, a broad generic mode, pro-
vides a loop system for use in combination with a “DX”
heat pump system, the loop system comprising: three
loops, a first loop including a dual purpose suction/hot
gas line and a liquid line, and the second and third loops
each including a suction line and a liquid line, each loop
being adapted to be buried underground in heat ex-
change relationship with the earth; a refrigerant vapor
header provided with a check valve; means connecting
the suction/hot gas line of the first loop to the suction
header downstream of the check valve; means connect-
ing the suction lines of each of the two other loops to
the refrigerant vapor header upstream of the check
valve; a hiquid line header provided with an electric
solenoid valve; means connecting the liquid line of the
first loop to the liquid line header upstream of the elec-
tric solenoid valve; and means connecting the liquid
lines of each of the other two loops to the liquid line
header downstream of the electric solenoid valve.

The present invention also provides a first mode of a
first embodiment of a “DX” heat pump system in the
heating mode, the system comprising: three earth loops,
a first earth loop including a suction line and a lquid
line, each loop being adapted to be buried underground
in heat exchange relationship with the earth; a refriger-
ant vapor header provided with a check valve; means
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connecting the suction line of a first loop to the refriger-
ant vapor header downstream of the check valve;
means connecting the suction lines of each of the two
other loops to the refrigerant vapor header upstream of
the check valve; a liquid line header provided with an
electric solenoid valve; means connecting the liquid line
of the first loop to the liquid line header upstream of the
electric solenoid valve; means connecting the liquid
lines of each of the other two loops to the liquid line
header downstream of the electric solenoid valve; a
scavenging line connected between the refrigerant
vapor header upstream of the check valve and an accu-
mulator; a liquid line provided with a “TX”’ valve con-
nected to the liquid line header; a reversing valve hav-
ing two inlets and two outlets; a compressor having an
inlet and an outlet, the outlet being connected to the hot
gas inlet of the reversing valve; an accumulator having
an inlet and an outlet, the outlet being connected to the
inlet of the compressor; the hot gas outlet of the revers-
ing valve being connected to the inlet of an air con-
denser; a common suction outlet of the reversing valve
being connected to the inlet of the accumulator; and the
suction inlet of the reversing valve being connected to
the refrigerant vapor header downstream of the check
valve.

The present invention also provides a second mode of
a first embodiment of a “DX" heat pump system in the
cooling mode, the “DX” heat pump system comprising:
three earth loops, a first loop including a first loop 1n-
cluding a hot gas line and a liquid line, and the second
or third loops including a suction line and a liquid line,
which are operationally idle during such cooling mode,
each loop being adapted to be buried underground in
heat exchange relationship with the earth; a refrigerant
vapor header provided with a check valve; means con-
necting the hot gas line of a first loop to the refrigerant
vapor header downstream of the check valve; means
connecting the idle suction lines of each of the two
other loops to the refrigerant vapor header upstream of
the check valve; a liquid line header provided with an
electric solenoid valve; means connecting the liquid line
of the first loop to the liquid line header upstream of the
electric solenoid valve; means connecting the idle liquid
lines of each of the other two loops to the liquid line
header downstream of the electric solenoid valve; a
scavenging line connected between the refrigerant
vapor upstream of the check valve and an accumulator;
a liquid line provided with a “TX” valve connected to
the liquid line header; a reversing valve having two
inlets and two outlets; a compressor having an inlet and
an outlet, the outlet being connected to the hot gas inlet
of the reversing valve; an accumulator having an inlet
and an outlet, the outlet being connected to the inlet of
the compressor; the suction inlet of the reversing valve
being connected to the outlet of an air evaporator; the
suction outlet of the reversing valve being connected to
the inlet of the accumulator; and the hot gas outlet of
the reversing valve being connected to the refrigerant
vapor header downstream of the check valve.

The present invention also provides a first mode of a
second embodiment of this invention, namely a capil-
lary balanced feed “DX” heat pump system in the heat-
ing mode, the system comprising, three earth loops, a
first loop including a dual purpose refrigerant vapor line
and a liquid line, and the second and third loops which
are operationally idle during the cooling mode, includ-

ing a suction line and a liquid line each being adapted to

be buried underground in a heat exchange relationship
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with the earth, a refrigerant vapor header provided
with a check valve, means for connecting the refriger-
ant vapor line of the first loop to the refrigerant vapor
header downstream of the check valve, means for con-
necting the suction lines of each of the other two loops
to the refrigerant vapor header upstream of the check
valve, a liquid line header provided with an electric
solenoid valve, a bypass liquid line check valve in paral-
lel with a first capillary tube whose inlet is connected to
the first earth loop liquid line near the outlet of the first
capillary tube and whose outlet is connected to the
liquid line header upstream of the solenoid valve, three
capillary tube restriction devices to provide balanced
refrigerant metering in the heating mode, each capillary
tube having one inlet and one outlet, a thermostatic
expansion valve to act as the primary refrigerant meter-
ing device having one inlet and one outlet, an equaliza-
tion port and an gas filled controlling bulb, means for
connecting the equalization tube of the thermostatic
expansion valve to the common suction outlet of the
reversing valve, means for placing the thermostatic
expansion valve controlling bulb in thermal contact
with the common suction outlet of the reversing valve,
means for connecting the inlet of the first capillary tube
to the liquid line header upstream of the solenoid valve,
means for connecting the outlet of the first capillary to
the liquid line of the first earth loop, means for connect-
ing the inlet ports of the second and third capillary
tubes to the liquid line header downstream of the sole-
noid valve, means of connecting the outlets of the sec-
ond and third capillary tubes to the liquid lines of the
second and third earth loops, respectively, a scavenging
line connected between the refrigerant vapor header
upstream of the check valve and the inlet of the accu-
mulator, a reversing valve having two inlets and two
outlets, a compressor having an inlet and an outlet, the
outlet being connected to the hot gas inlet of the revers-
ing valve, an accumulator having in inlet and an outlet,
the outlet being connected to the inlet of the compres-
sor, the hot gas outlet of the reversing valve being con-
nected to the inlet of the condenser coil, and the suction
inlet of the reversing valve being connected to the re-
frigerant vapor header downstream of the check valve.

The present invention also provides a second embodi-
ment of this invention, namely a capillary balanced feed
“DX” heat pump system in the cooling mode, the
“DX” heat pump system comprising, a three earth
loops, a first loop including a dual purpose refrigerant
vapor line and a liquid line, and the second and third
loops which are operationally idle during the cooling
mode, including a suction line and a liquid line each
being adapted to be buried underground in a heat ex-
change relationship with the earth, a refrigerant vapor
header provided with a check valve, means for connect-
ing the refrigerant vapor line of the first loop to the
refrigerant header downstream of the check valve,
means for connecting the idle suction lines of each of
the other two loops to the refrigerant vapor header
upstream of the check valve, a liquid line header pro-
vided with an electric solenoid valve, a bypass liquid
line check valve in parallel with a first capillary tube
whose inlet is connected to the first earth loop liquid
line near the outlet of the first capillary tube and whose
outlet is connected to the liquid line header upstream of
the solenoid valve, three capillary tube restriction de-
vices to provide balanced refrigerant metering in the
heating mode, each capillary tube having one inlet and
one outlet, a thermostatic expansion valve to act as the
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primary refrigerant metering device having one inlet
and one outlet, an equalization port and a gas filled
controlling bulb, means for installing a capillary tube
bypass between the inlet and outlet of the thermostatic
expansion valve, means for connecting the equalization
tube of the thermostatic expansion valve to the common
suction outlet of the reversing valve, means for placing
the thermostatic expansion valve controlling bulb in
thermal contact with the common suction outlet of the
reversing valve, means for connecting the inlet of the
first capillary tube to the liquid line header upstream of
the solenoid valve, means for connecting the outlet of
the first capillary tube to the liguid line of the first earth
loop, means for connecting the inlet ports of the second
and third capillary tubes to the liquid line header down-
stream of the solenoid valve, means for connecting the
outlets of the second and third capillary tubes to the
liquid lines of the second and third earth loops, respec-
tively, a scavenging line connected between the refrig-
erant vapor header upstream of the check valve and the
inlet of the accumulator, a reversing valve having two
inlets and two outlets, a compressor having an inlet and
an outlet, the outlet being connected to the hot gas inlet
of the reversing valve, an accumulator having an inlet
and an outlet, the outlet being connected to the inlet of
the compressor, the hot gas outlet of the reversing valve
being connected to the refrigerant vapor header and
thence to the hot gas inlet of the first ground loop, the
common suction outlet of the reversing valve being
connected to the inlet of the accumulator, and the suc-
tion inlet of the reversing valve being connected to the
refrigerant vapor outlet of the air evaporator coil.
The present invention also provided a f{irst mode of a
third embodiment of the invention, namely an individ-
ual “TX” valve metering “DX” heat pump system in
the heating mode, the “DX” heat pump system com-
prising, three earth loops, a first loop including a suc-
tion/hot gas line and liquid line, and the second and
third loops including a suction line and a liqud line each
being adapted to be buried underground in a heat ex-
change relationship with the earth, a refrigerant vapor
header provided with a check valve, means for connect-
ing the suction/hot gas line of the first loop to the re-
frigerant header downstream of the check valve, means
for connecting the suction lines of each of the other two
loops to the refrigerant vapor header upstream of the
check valve, a liquid line header provided with an elec-
tric solenoid valve, three thermostatic expansion valves
to provide refrigerant metering in the heating mode,
each valve having one inlet and one outlet, an equaliza-
tion port and a gas filled controlling bulb, one thermo-
static expansion valve to provide refrigerant metering in
the cooling mode having one inlet and one outlet, an
equalization port and a gas-filled controlling bulb,
means for installing a capillary tube bypass between the
inlet and outlet of the heating thermostatic expansion
valves, means for connecting the inlet line of one heat-
ing thermostatic expansion valve to the liquid line
header upstream of the solenoid valve, means for con-
necting the outlet of the thermostatic expansion valve to
the liquid line of the first earth loop, means for connect-
ing the equalization tube of the thermostatic expansion
valve to the refrigerant vapor header downstream of
the check valve, means for placing the thermostatic
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ond and third heating thermostatic expansion valves to
the liguid line header downstream of the solenoid valve,
means for connecting the outlet ports of the second and
third thermostatic expansion valves to the liquid lines of
the second and third earth loops respectively, means for
connecting the equalization ports of the second and
third thermostatic expansion valves to the refrigerant
vapor header downstream of the check valve, means for
placing the controlling bulbs of the second and third
thermostatic expansion valves in thermal contact with
the suction lines of the second and third earth loops
respectively, a short distance from their connection to
the refrigerant vapor header, means for connecting the
inlet port of the cooling thermostatic expansion valve to
the liquid line of the first earth loop downstream of the
outlet of the heating thermostatic expansion valve and
capillary bypass tube, means for connecting the outlet
port of the cooling thermostatic expansion valve to the
liquid line header upstream of the solenoid valve, means
of connecting the equalizer line of the cooling thermo-
static expansion valve to the refrigerant vapor line of
the air/refrigerant heat exchanger coil a short distance
from the outlet of the coil, means for placing the con-
troller bulb of the cooling thermostatic expansion valve
in thermal contact with the refrigerant vapor line of the
air/refrigerant heat exchanger coil a short distance
from the outlet of the coil, a scavenging line connected
between the refrigerant vapor header upstream of the
check valve and the accumulator, a reversing valve
having two inlets and two outlets, a compressor having
an inlet and an outlet, the outlet being connected to the
hot gas inlet of the reversing valve, an accumulator
having an inlet and an outlet, the outlet being connected
to the inlet of the compressor, the got gas outlet of the
reversing valve being connected to the inlet of the air
condenser, the common suction outlet of the reversing
valve being connected to the inlet of the accumulator,
and the suction inlet of the reversing valve being con-
nected to the refrigerant vapor header downstream of
the check valve.

The present invention also provides a second mode of
a third embodiment of the invention, namely an individ-
ual “TX” valve metering “DX” heat pump system In
the cooling mode, the “DX’’ heat pump system com-
prising three earth loops, a first loop including a hot gas
line and a liquid line, and the second and third loops
including a suction line and a liquid line, which are
operationally idle during such cooling mode, each loop
being adapted to be buried underground in heat ex-
change relationship with the earth, a refrigerant vapor
header provided with a check valve, means for connect-
ing the refrigerant vapor line of the first loop to the
refrigerant vapor header downstream of the check
valve, means for connecting the suction lines of each of
the other two loops to the refrigerant vapor header
upstream of the check valve, a liquid line header pro-
vided with an electric solenoid valve, three thermo-
static expansion valves to provide a refrigerant meter-
ing in the heating mode, each valve having one inlet and
one outlet, an equalization port and a gas filled control-
ling bulb, one thermostatic expansion valve to provide
refrigerant metering in the cooling mode having one
inlet and one outlet, an equalization port and a gas-filled
controlling bulb, means for installing a capillary tube

expansion valve controlling bulb in thermal contact 65 bypass between the inlet and outlet of the heating ther-

with the refrigerant vapor line of the first loop a short
distance from its connection to refrigerant vapor
header, means of connecting the inlet ports of the sec-

mostatic expansion valves, means for connecting the
inlet line of one heating thermostatic expansion valve to
the liquid line header upstream of the solenoid valve,
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means for connecting the outlet of the first heating
thermostatic expansion valve to the liquid line of the
first earth loop, means for connecting the equalization
tube of the thermostatic expansion valve to the refriger-
ant vapor header downstream of the check valve, 3
means for placing the thermostatic expansion valve
controlling bulb in thermal contact with the refrigerant
vapor line of the first loop a short distance from its
connection to the refrigerant vapor header, means for
connecting the inlet ports of the second and third heat- 10
ing thermostatic expansion valves to the liquid line
header downstream of the solenoid valve, means for
connecting the outlet ports of the second and third
thermostatic expansion valves to the liquid lines of the
second and third earth loops respectively, means for
connecting the equalization ports of the second and
third valves to the refrigerant vapor header down-
stream of the check valve means for placing the thermo-
static expansion valve controlling bulbs of the second
and third valves in thermal contact with the suction
lines of the second and third earth loops respectively a
short distance from their connection to the refrigerant
vapor header, means for connecting the inlet port of the
cooling thermostatic expansion valve to the liquid line
of the first earth loop downstream of the outlet to the
heating thermostatic expansion valve and capillary by-
pass tube means for connecting the outlet port of the
cooling thermostatic expansion valve to the hquid line
header upstream of the solenoid valve, means for con- ,,
necting the equalizer line of the cooling thermostatic
expansion valve to the refrigerant vapor line of the
air/refrigerant heat exchanger coil a short distance
from the outlet of the coil, means for placing the con-
troller bulb of the cooling thermostatic expansion valve 14
on the refrigerant vapor line of the air/refrigerant heat
exchanger coil a short distance from the outlet of the
coil, a scavenging line connected between the refriger-
ant vapor header upstream of the check valve and ex-
tending to the inlet of the accumulator, a reversing 4,
valve having two inlets and two outlets, a compressor
having an inlet and an outlet, the outlet being connected
to the hot gas inlet of the reversing valve, an accumula-
tor having an inlet and an outlet, the outlet being con-
nected to the inlet of the compressor, the hot gas outlet 45
of the reversing valve being connected to the refriger-
ant vapor header and thence to the hot gas inlet of the
first ground loop the common suction outlet of the
reversing valve being connected to the inlet of the accu-
mulator, and the suction inlet of the reversing valve 5
being connected to the refrigerant vapor outlet of the
air evaporator coil. |

The present invention also provides a first mode of
operating of a first embodiment of this invention,
namely the first mode of the first embodiment of a s5
“DX” heat pump system in the heating mode the
method comprising the steps of: (1) opening the hquid
line solenoid; (i1) allowing the “TX” valve to meter
liquid refrigerant to the liquid line header as per the
signal of the controller bulb; (iit) allowing liquid refrig- 60
erant to flow down the liquid lines; (iv) allowing vapor-
ized refrigerant to flow upwardly in each of the suction
lines and the refrigerant vapor header, through the
reversing valve and thence to the accumulator and then
the compressor; (v) flowing compressed refrigerant gas 65
from the compressor through the reversing valve to the
air condensor; and (vi) withdrawing hiquid refrigerant
from the air condensor through an outlet towards the
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liquid line, thermostatic expansion valve and liquid line
header.

The present invention also provides a second mode of
operating of a first embodiment of this invention,
namely the second mode of the first embodiment of a
“DX” heat pump system, in the cooling mode, the
method comprising the steps of: (i) closing the solenoid
valve, thereby preventing liquid refrigerant from enter-
ing the two loops which are upstream of the solenoid
valve; (ii) high pressure hot discharge gas closes the
check valve to assure that warmed refrigerant gas In
refrigerant vapor header enters only the suction/hot gas
line which is downstream of the valve; (ii1) scavenging
residual liquid refrigerant from the liquid refrigerant
lines which are upstream of the solenoid valve to the
accumulator and then to the compressor; (iv) passing
compressed refrigerant through the reversing valve and
into the suction hot gas line which is downstream of the
check valve; (v) allowing the heat pump to reject its
heat to the ground at a pressure which is high enough to
force liquid refrigerant through the liquid refrigerant
line connected to the liquid refrigerant header down-
stream of the solenoid valve; (vi) passing liquid refriger-
ant through the expansion valve and into the air evapo-
rator; and (vil)) withdrawing warmed refrigerant gas
from the air evaporator into the suction line and
through the reversing valve to the accumulator.

The present invention also provides a first mode of
operating a second embodiment of the invention,
namely a capillary balanced feed “DX" heat pump in
the heating mode, the method comprising the steps of:

(i) opening the liquid line solenoid valve, (ii) maintain-

ing the bypass check valve around the first capillary
tube closed by high pressure liquid (i11) allowing the
thermostatic expansion valve to meter liquid refrigerant
to the liquid line header as per the signal of the control-
ler bulb; (iv) allowing the capillary tubes to restrict the
flow slightly so that equal pressure is maintained on the
inlet side of each capillary tube; (v) allowing liquid
refrigerant to flow down the liquid lines (vi) allowing
vaporized refrigerant to flow upwardly in each of the
suction lines and the refrigerant vapor header through
the reversing valve and thence to the accumulator and
to the compressor, (vii) flowing compressed refrigerant
gas from the compressor through the reversing valve to
the air condenser, and (viii) withdrawing liquid refrig-
erant from the air condenser through a liquid hine
towards the liquid line, thermostatic expansion valve
and liquid hine header.

The present invention also provides a second mode of
operating a second embodiment of this invention
namely a capillary balanced feed “DX” heat pump in
the cooling mode, the method compnsing the steps of:
(i) closing the liquid line solenoid valve; (it) maintaining
the bypass check valve around the first capillary tube
open by high pressure hiquid; (ii1) evaporating and scav-
enging residual liquid refrigerant from idle second and
third suction lines into the accumulator and thence to
the compressor, (iv) passing compressed refrigerant
through the reversing valve and into the hot gas line
which is downstream of the check valve on the refriger-
ant vapor header, (v) allowing the heat pump to reject
its heat to the ground at a pressure which is high enough
to force liquid refrigerant up the hquid line, (v1) allow-
ing the liquid refrigerant to flow through the liquid line
check valve and capillary tube on the first ground loop,
to the thermostatic expansion valve inlet, (vi1) allowing
the thermostatic expansion valve to meter liquid refrig-
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erant to the air coil evaporator as per the signal of the
controller bulb, and (viii) withdrawing warmed refrig-
erant gas from the air evaporator into the suction line
and through the reversing valve into the accumulator
and thence to the compressor suction inlet.

The present invention also provides a first mode of
operating a third embodiment of this invention, namely
an individual “TX” valve metering “DX” heat pump in
the heating mode the method comprising the steps of: (1)
opening the liquid line solenoid valve; (ii) maintaining
the cooling thermostatic expansion valve closed by
virtue of its equalizer tube being connected to the re-
frigerant vapor port of the air coil which is under high
pressure during the heating mode; (iii) allowing the
liquid refrigerant to flow into the liquid line header; (iv)
allowing the heating thermostatic expansion valves to
meter liquid refrigerant down each of the three earth
loops as per the signal of the respective controller bulbs;
(v) allowing the vaporized refrigerant to flow upwardly
in each of the suction lines and the refrigerant vapor
header through the reversing valve and thence to the
accumulator and to the compressor; (vi) flowing com-
pressed refrigerant gas from the compressor through
the reversing valve to the air condenser and; (vii) with-
drawing liquid refrigerant from the air condenser
through a liquid line towards the liquid line header.

The present invention also provides a second mode of
operating a third embodiment of the invention, namely
an individual “TX"” valve metering “DX” heat pump
system 1n the cooling mode the method comprising the
steps of: (1) closing the solenoid valve, thereby prevent-
ing liquid refrigerant from entering the two loops which
are downstream of the solenoid valve; (11) maintaining
the refrigerant vapor header check valve closed by hot
high pressure gas, whereby the got gas is directed only
to the first ground loop; (ii1} maintaining the three heat-
ing thermostatic expansion valves closed as a result of
their equalizer tubes being connected to the currently
high pressure refrigerant vapor line downstream of the
check valve; (1v) evaporating and scavenging residual
liquid refrigerant from the liquid refrigerant lines which
are downstream of the solenoid valve to the accumula-
tor and then to the compressor; (v) passing compressed
refrigerant through the reversing valve and into the
refrigerant vapor line which is downstream of the check
valve; (vi) allowing the heat pump to reject it heat to
the ground at a pressure which is high enough to force
liquid refrigerant through the liquid refrigerant line
connected to the inlet port of the cooling thermostatic
expansion valve and the closed outlet port of the heat-
ing thermostatic expansion valve; (vi1) allowing the
cooling thermostatic expansion valve to meter the cor-
rect amount of liquid refrigerant into the air evaporator
by virtue of the placement of its controlling bulb and
equalizer tube a short distance from the refrigerant
vapor outlet and (viii) withdrawing warmed refrigerant
gas from the air evaporator into the suction line and
through the reversing valve into the accumulator and
thence to the compressor suction inlet.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings,

FIG. 11s a schematic illustration of a vertical installa-
tion heat exchanger;

FIG. 2 is a schematic illustration of a cabinet compo-
nent layout “DX”-to-air;
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FIG. 3 is a schematic representation of one embodi-
ment of a “DX”’ system of this invention in the heating
mode;

FIG. 4 is a schematic illustration of the “DX” system
multiple loop configuration, of FIG. 3, in the heating
mode;

FIG. 5 is a schematic representation of one embodi-
ment of a “DX” system of this invention in the cooling
mode;

FIG. 6 is a schematic illustration of the “DX” system
multiple loop configuration of FIG. §, in the cooling
mode;

FIG. 7 1s a schematic representation of another em-
bodiment of the invention, i.e. a capillary balanced feed,
in the heating mode;

FIG. 8 is a schematic representation of another em-
bodiment of the invention, i.e. a capillary balanced feed,
in the cooling mode;

FIG. 9 is a schematic representation of yet another
embodiment of the invention, i.e. using individual “TX”
valve metering, in the heating mode; and

FIG. 10 1s a schematic representation of yet another
embodiment of the invention, i.e. using individual “TX”
valve metering, in the cooling mode.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

(1) Description of FIG. 1

As seen in FIG. 1, a house 10 to be heated and/or
cooled includes a heat pump 11 and an access manhole
cabinet 12. The system includes three earth loops 13, 14
and 15 disposed in a vertical borehole 16, well below
the water table 17.

FIG. 1 shows a typical vertical 6" borehole with a 3
U-tube configuration. Liquid lines are §” OD. Suction/-
hot gas lines are §"" OD. Natural convection 1s obtained
in the well by drilling to a depth of about 300 ft. and
allowing the cold water to set up a thermocline during
the winter months.

(i1) Description of FIG. 2

The cabinet seen in FIG. 2 includes a main cabinet 20
within which 1s mounted an accumulator 21 which
supplies a source of the refrigerant a portion of which is
received by way of scavenger line 22 to the inlet 23 of
the accumulator 21. The refrigerant 1s supplied to lines
24, 25 and 26 leading to three earth loops 13, 14 and 15,
respectively. The main return line 27 goes to the revers-
ing valve suction inlet port 28a.

(1i1) Description of FIGS. 3 and 4

FIGS. 3 and 4 show one embodiment of the “DX”
system of this invention in its heating mode. In its physi-
cal construction, the “DX” system multiloop configura-
tion shown in FIG. 3 includes, as a core, the construc-
tion to be described hereinafter in FIG. 4. As seen in
FIG. 3, the liquid line 35 1s connected to an air con-
denser 40. An outflow line 41 is connected between the
downstream end 42 of suction hot gas header 28 and the
line 43 connected to the inlet 23 of the accumulator 21.
The outlet line 45 of the accumulator 21 1s connected to
the inlet 44 of a compressor 46, where the outlet line 47
therefrom is connected to the inlet port 49 of a revers-
ing valve 48. Reversing valve 48 has three outlet ports
50, 51 and 52. Inlet/outlet port 50 1s connected, by line
53 to the inlet 54 of the air condenser 40. Outlet port 31
is connected to the inlet line 43 connected to accumula-
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tor 21. A temperature indicating bulb 5§ 1s provided,
bulb 55 controlling thermostatic expansion valve 36.
Inlet/outlet port 52 is connected, via line 56 to the
downstream end 57 of refrigerant vapor header 28.

The core of the multi-loop system is shown In more 5
detail in FIG. 4. It is noted that each of the three earth
loops 13, 14 and 15 includes a suction gas line, 1.e. 31-1,
31-2, 31-3 (respectively), which may be copper tubing
of §'' outside diameter connected by, e.g., a silver-sol-
dered joint 32 to a respective downflow liquid refriger-
ant line, 1.e. 33-1, 33-2, 33-3, which may be copper tub-
ing of §" outside diameter. The underground piping
31-1, 31-2, 31-3 and 33-1, 33-2, 33-3 are each of sufficient
length to provide for proper heat exchange with the
earth for a given compressor size and earth conditions.

The broken line 34 represents the “DX" heat pump
cabinet shown in FIG. 2. Within the “DX"” heat pump
cabinet is the refrigerant vapor header 28 (which leads
to the main line 27 leading to the suction inlet port 28a
of the reversing valve in the heating mode. Each of the
suction gas lines 31-1, 31-2, 31-3 is connected thereto. It
is noted that refrigerant vapor header 28 is fitted with a
check valve 29. It is also to be observed that refrigerant
vapor lines 31-2 and 31-3 are connected to suction
header 28 upstream of check valve 29 and that suction
gas line 33-1 is connected to refrigerant vapor header 28
downstream of check valve 29. The purpose of this
configuration will be explained hereinafter. A scaven-
ger line 39 leads from refrigerant vapor header 28 up-
stream of check valve 29 to the inlet 23 of the accumula-
tor 21.

A main liquid refrigerant line 3§ leads, via a first
reversible filter drier 35a, a thermostatic expansion
valve 36, a second reversible filter drier 356, and an
electric solenoid valve 37 to liquid refrigerant header
35-1 and to the liquid refrigerant lines 33-1, 33-2 and
33-3 of loops 13, 14 and 15. It 1s also to be observed that
liquid refrigerant lines 33-2 and 33-3 are connected to
liquid refrigerant header 35-1 downstream of electric
solenoid valve 37, and that liquid refrigerant line 33-11s 40
connected to liquid refrigerant header 35-1 upstream of
electric solenoid valve 35. The purpose of this configu-
ration will be explained hereinafter in the description of
the operation of the system.

(1v) Description of FIGS. § and 6

FIGS. 5 and 6 show the embodiment of the “DX”
system of this invention shown in FIGS. 3 and 4 1n the
cooling mode.

As seen in FIG. §, in its physical construction, the 50
“DX” system multi-loop configuration includes, as a
core, the construction previously described for FIG. 4.
However, in its cooling mode, 1t 1s seen that the liquid
line 35 is connected to an air evaporator 80. An outflow
line 41 is connected between the upstream end 42 of 55
refrigerant vapor header 28 and the line 43 connected to
the inlet 23 of the accumulator 21. The outlet line 45 of
the accumulator 21 is connected to the inlet 44 of a
compressor 46, where the outlet line 47 therefrom 1is
connected to the inlet port 49 of a reversing valve 48. 60
Reversing valve 48 has three outlet ports 50, 51 and 352.
Inlet/outlet port 50 is connected, by line §3 to the inlet
54 of the air condenser 80. Outlet port 51 1s connected
to the inlet line 43 connected to accumulator 21. A -
temperature indicating bulb 55 1s provided, bulb 585 65
controlling thermostatic expansion valve 36. Inlet/out-
let port 52 is connected, via line 56 to the downstream
end 57 of refrigerant vapor header 28. The purpose of
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this configuration will be explained hereinafter in the
description of the operation of the system.

(v) Description of FIGS. 7 and 8

FIGS. 7 and 8 show another embodiment of the in-
vention, namely a capillary balanced feed system, FIG.
7 showing the configurations in the heating mode, and
FIG. 8 showing the configurations in the cooling mode.

As seen in FIGS. 7 and 8, the system 700 includes
three earth loops. A first loop 701-1 includes a dual
purpose refrigerant vapor line 702-1 and a liquid line
703-1. The second loop 701-2 and third loop 701-3 are
operationally idle during the cooling mode. These loops
include a suction line 702-2,703-2 respectively, and a
liquid line 703-2,703-3 respectively. Each loop 701-1,
701-2 and 701-3 is adapted to be buried underground in
heat exchange relationship with the earth. A refrigerant
vapor header 704 is provided with a check valve 705.

The refrigerant vapor line 702-1 of the first loop 701-1
is connected to the refrigerant header 704 downstream
of the check valve 705. The suction lines 702-2,703-2 of
each of the other two loops 701-2,701-3 respectively,
are connected to the refrigerant vapor header 704 up-
stream of the check valve 705. A liquid line 706 leads
from an air condenser 707 through a first reversible
filter-drier 708-1, a thermostatic expansion (“TX")
valve 709 and a second reversible filter-drier 708-2 to a
liquid line header 710 |

A first capillary tube 711-1 has inlet 712-1 connected
to liquid line header 710 upstream of a normally open

electric solenoid valve 713. The outlet 714-1 of first

capillary tube is connected to the liquid line 703-1 of
first loop 701-1. A second capillary tube 711-2 has its
inlet 712-2 connected to liquid line header 710 down-
stream of valve 713 and has its outlet 714-2 connected to
liquid line 703-2 of second loop 701-2. A third capillary
tube 711-3 has its inlet 712-3 connected to liquid line
header 710 downstream of both inlet 712-2 and valve
713 and has its outlet 714-3 connected to liquid line
703-3 of third loop 701-3. A bypass line 715 has 1ts outlet
712-4 at the liquid line header 710 and has 1ts inlet con-
nected to liquid line 703-1 and first capillary tube 711-1.
Bypass line 715 is also provided with a check valve 716.
Thus, three capillary tubes 711-1,711-2,711-3, are In-
stalled as restriction devices to provide balanced refrig-
erant metering in the heating mode.

The thermostatic expansion (*TX") valve 709 is con-
nected to act as the primary refrigerant metering de-
vice. Valve 709 has one inlet 717, one outlet 718, one
equalizer tube 719 leading to an equalization port 719-1
and one gas-filled line 720 leading to a gas-filled con-
trolling bulb 720-1. A capillary tube bypass 721 is in-
stalled between the inlet 717 and the outlet 718 of the
thermostatic expansion valve 709. The equalizer tube
719 of the thermostatic expansion valve 709 i1s con-
nected to the common suction outlet 723 of the revers-
ing valve 724. The controlling bulb or sensing bulb 72§
of the thermostatic expansion valve 709, is placed in
thermal contact with the common suction outlet 723 of
the reversing valve 724. A scavenging line 726 1s con-
nected between the refrigerant vapor header 704 up-
stream of the check valve 705 and the inlet 727 of an
accumulator 728. The reversing valve 724, has two
inlets 729-1,729-2 and two outlets 730-1,730-2. A com-
pressor 731 having a suction inlet 732 and a discharge
outlet 733 is provided, the discharge outlet 733 being
connected to the refrigerant vapor inlet 729-1 of the

reversing valve 724,
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The accumulator 728 has an inlet 735 and an outlet
7136, the outlet 736 being connected to the inlet 732 of
the compressor 731. The refrigerant vapor outlet 730-1
of the reversing valve 724 is connected by a refrigerant
vapor line 735 to the inlet 736 of the air condenser 707.
The common suction outlet 723 of the reversing valve
724 is connected to the inlet 735 of the accumulator 728,
and the suction inlet 729-2 of the reversing valve 724 is
connected to the refrigerant vapor header 704 down-
stream of the check valve 705.

(vi) Description of Figures 9 and 10

FIGS. 9 and 10 show yet another embodiment of the
invention, namely using individual “TX” valve meter-
ing, FIG. 9 being the configuration for the heating
mode and FIG. 10 being the configuration for the cool-
ing mode.

As seen in FIGS. 9 and 10, the system 900 includes
three earth loops, namely a first loop 901-1 including a
refrigerant vapor line 902-1 and a liquid line 903-1, and
the second loop 901-2 and the third loop 901-3 each
including a suction line 902-2,902-3 and a liquid line
903-2,903-3 respectively. Each loop 901-1,901-2,901-3 is
adapted to be buried underground in heat exchange
relationship with the earth. A refrigerant vapor header
904 1s provided with a check valve 905. The refrigerant
vapor line 902-1 of the first loop 901-1 is connected to
the refrigerant vapor header 904 downstream of the
check valve 905. The suction lines 902-2,902-3 of each
of the other two loops 901-2,901-3 are connected to the
refrigerant vapor header 904 upstream of the check
valve 90§. A liquid line header 906 is provided with an
electric solenoid valve 907. Three thermostatic expan-
sion valves (“TX” valves) namely, 908-1,908-2,908-3 in
the system provide refrigerant metering in the heating
mode, each “TX” wvalve having one inlet
909-1,909-2,909-3 and one outlet 910-1,910-2,910-3, a
heating equalizer line 911-1,911-2,911-3 leading to a
respective equalizer port and a gas-filled controlling
bulb 912-1,912-2,912-3. A capillary tube bypass
913-1,913-2,913-3 1s installed between the inlet
909-1,909-2,909-3 and the outlet 910-1,910-2,910-3 of
each of the heating “TX"’ valves 908-1,908-2,908-3. The
inlet 909-1 of one heating “TX” valve 908-1 is con-
nected to the liquid line header 906 upstream of the
solenoid valve 907. The outlet 910-1 of that “TX"* valve
908-1 1s connected to the liquid line 903-1 of the first
earth loop 901-1. The equalizer line 911-1 from its asso-
ciated equalization port of that “TX” valve 908-1 is
connected to the refrigerant vapor header 904 down-
stream of the check valve 905. The controlling bulb
912-1 of that “TX” valve 908-1 is placed in thermal
contact with the refrigerant vapor line 902-1 of the first
loop 901-1 a short distance from its connection to refrig-
erant vapor header 904. The outlets 910-2,910-3 of heat-
ing “TX” valves 908-2 and 908-3 are connected to liquid
lines 903-2 and 903-3, respectively. The controlling
bulbs 912-2,912-3 are placed in thermal contact with the
suction lines 902-2,902-3 of loops 901-2,901-3 respec-
tively, a short distance from their connection to the
refrigerant vapor header 904.

As seen in FIGS. 9 and 10, one “TX” valve 908-4
provides refrigerant metering in the cooling mode
(shown explicitly in FIG. 10) and it has one outlet 909-4
and one inlet 910-4, a cooling equalizer line 911-4 lead-
ing to a cooling equalization port and a gas-filled con-
trolling bulb 912-4. In its cooling mode, ““inlet”, i.e. port
910-4 of the cooling “TX” valve 901-4 is connected to
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the liquid line 903-1 of loop 901-1 upstream of the “out-
let” 910-1 of the heating “TX” valve 901-1 and the
capillary bypass tube 913-1 line in parallel with the
heating “TX" valve 908-1. The “outlet” i.e. port 909-4
of the cooling “TX” valve 908-4 is connected to the
liquid line header 906 upstream of the solenoid valve
907. The cooling equalizer line 911-4 of cooling *“TX"”
valve 908-4 is connected to the refrigerant vapor line
913 of the air/refrigerant heat exchanger coil 914 a
short distance from the outlet 915 of the coil 914. All
equalizer lines 911-1,911-2,911-3 are interconnected by
means of heating equalizer line 917. The controller bulb
912-4 of the cooling “TX” valve 9014 is placed in ther-
mal contact with the refrigerant vapor line 913 of the
air/refrigerant heat exchanger coil 914 a short distance
from the outlet 915 of the coil 914.

A scavenging line 918 i1s connected between the re-
frigerant vapor header 904 upstream of the check valve
905 and an accumulator 919. A reversing valve 920 is
connected thereto, reversing valve 920 having two
inlets 920-1,920-2 and two outlets 921-1,921-2. A com-
pressor 922 in the system has a suction inlet 923 and a
discharge outlet 924. The discharge outlet 923 is con-
nected to the hot gas inlet 920-1 of the reversing valve
920. The accumulator 919 in the system has an inlet 925
and an outlet 926. The outlet 926 is connected to the
suction inlet 923 of the compressor 922. The hot gas
outlet 921-1 of the reversing valve 920 is connected to
the inlet 915 of the air coil 914. The common suction
outlet 921-2 of the reversing valve 920 is connected to
the inlet 925 of the accumulator 919. The suction inlet
920-2 of the reversing valve 920 is connected to the

refrigerant vapor header 904 downstream of the check
valve 908.

(vi1) Operation of the System of a First Embodiment of
the Invention of FIGS. 3 and 4 in the Heating Mode

In the operation of the system of a first embodiment
of the invention in the heating mode shown in FIGS. 3
and 4, 1t 1s seen that there are three (3) circuits, 1.e., three
earth loops 13, 14 and 15, operational as an evaporator
in the heating mode. During typical operation, each
earth loop 13, 14 and 15 would be approximately 25%
full of liquid refrigerant. The conventional " OD cop-
per tubing used in the exchanger provides sufficient
velocity to entrain the oi1l, whether the earth loops 13,
14 and 15 are installed vertically or horizontally. As
shown in FIG. 4, the solenoid valve 37 is open and
allows liquid refrigerant to be metered down all three
liquid lines 33-1, 33-2, and 33-3 where it is vaporized by
the warm earth and returns via the three suction lines
31-1, 31-2 and 31-3 and to suction header 28. Check
valve 29 1s sited after (1.e. upstream) of loop 13 and
before (1.e. downstream) of loops 14 and 15 in the main
refrigerant vapor header 28. This configuration allows
warmed gas from all three lines, 31-1, 31-2, 31-3, to
proceed to the accumulator 21 and thence to the com-
pressor 46. Line 41 1s a conventional 4" OD copper line
which serves no useful purpose in the heating mode as
described herein but is absolutely imperative to the
system 1n the cooling mode. Line 41 must be placed
upstream of the check valve 28 as shown so that it will
be able to evacuate loops 14 and 15 in the cooling mode.
The placement of solenoid valve 37 and check valve 28
are technically important so that loop 13 can be sepa-
rated from loops 14 and 15 during the cooling mode.
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(viii) Operation of the System of a First Embodiment of
the Invention of FIGS. § and 6 in the Cooling Mode

The operation of the system of a first embodiment of
the present invention in the cooling mode as shown in
FIG. §, is such that, during the cooling mode, solenoid
valve 37 is closed, preventing liquid refrigerant from
entering loops 14 and 15. Check valve 28 insures that
hot refrigerant gas enters only the cooling loop 13. Line
41 begins to scavenge any refrigerant in loops 14 and 18
since they are open to the suction side of the compressor
46. The extra refrigerant is quickly pumped to loop 13
which is the only active cooling loop. The extra refrig-
erant from loops 14 and 18§ fills the single condenser
loop 13 to such a level as will allow the heat pump to
reject its heat to the ground at a head pressure high
enough to force the liquid refrigerant back to the single
$" O.D. liquid line 33-1 to the expansion valve 36, into
the air evaporator 80 and exiting via outlet line 54 back
to the accumulator 21 via the reversing valve 48, thus
establishing continuity in the process.

(ix) Operation of a Second Embodiment of the
Invention of FIG. 7 in the Heating Mode

In the operation of a second embodiment of the pres-
ent invention in the heating mode the liquid line sole-
noid valve 713 1s opened. The bypass check valve 716
around capillary tube 711-1 is maintained closed by high
pressure liquid. The “TX" valve 709 is allowed to meter
liquid refrigerant to the liquid line header 710 con-
trolled by a signal of the controller bulb 720-1. The
capillary tubes 711-1,711-2,711-3 are allowed to restrict
the flow slightly so that equal pressure i1s maintained on
the inlet side 712-1,712-2,712-3 of each capillary tube
711-1,711-2,711-3. Liquid refrigerant is allowed to flow
down the liquid lines 703-1,703-2,703-3. Vaporized re-
frigerant is allowed to flow upwardly in each of the
suction lines 702-1,702-2,702-3 and the refrigerant vapor
header 704 through the reversing valve 724 and thence
to the accumulator 728 and to the compressor 731.
Compressed refrigerant gas is then flowed from the
compressor 731 through the reversing valve 724 to the
air coil 707. Liquid refrigerant 1s then withdrawn from
the air coil 707 through a liquid line 706 towards the
“TX” valve 709 and liquid line header 710.

(x) Operation of a Second Embodiment of the Invention
of Fig. 8 in the Cooling Mode

In the operation of a second embodiment of the pres-
ent invention in the cooling mode, the liquid line sole-
noid valve 713 is closed. The bypass check valve 716
around capillary tube 711-1 1s maintained open by high
pressure liquid. Residual liquid refrigerant is evaporated
and scavenged from the idle suction lines 702-2,702-3 by
way of scavenger line 918 into the accumulator 728 and
thence to the compressor. Compressed refrigerant is
passed through the reversing valve 724 and into the hot
gas line extension of the refrigerant vapor header 704
which i1s downstream of the check valve 705 on the
refrigerant vapor header 704. The heat pump 711 1s
allowed to reject its heat to the ground at a pressure
which is high enough to force liquid refrigerant up the
liquid line 703-1. The liquid refrigerant is allowed to
flow through the bypass line 715 and check valve and
also through the parallel capillary tube 711-1 of ground
loop 701-1 to inlet to the “TX” valve 709. The “TX”
valve 709 meters liquid refrigerant to the air coil 707 as
per the signal of the controller bulb 720. Warmed refrig-
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erant gas is withdrawn from the air coil 707 into the
suction line and through the reversing valve 724 and
through the common suction outlet 723 into the accu-
mulator 728 and thence to the suction inlet 732 of the
compressor 731.

(xi) Operation of a Third Embodiment of the Invention
of Fig. 9 in the Heating Mode

In the operation of a third embodiment of the present
invention in the heating mode, the solenoid valve 907 of
the liquid line header 906 is opened. The cooling “TX”
valve 908-4 is maintained closed by virtue of its equal-
izer line 916 being connected to the refrigerant vapor
port 927 of the air coil 914 which is under high pressure
during the heating mode. Liquid refrigerant 1s allowed
to flow into the liquid line header 906. The heating
“TX” valves 908-1,908-2.980-3 are allowed to meter
liquid refrigerant down each of the three earth loops
901-1,901-2,901-3 controlled by a signal of the respec-
tive controller bulbs 912-1,912-2,912-3. Vaporized re-
frigerant is allowed to flow upwardly in each of the
suction lines 902-1,902-2 902-3 and the refrigerant vapor
header 904 through the reversing valve 920 and thence
to the accumulator 919 and to the compressor 922.
Compressed refrigerant gas then flows from the com-
pressor 922 through the reversing valve 920 to the air
coil 914. Liquid refrigerant is then withdrawn from the
air coil 914 through a liquid line towards the liquid line

header 906.

(xiii) Operation of a Third Embodiment of the
Invention of Fig. 10 1in the Cooling Mode

In the operation of a third embodiment of the present
invention in the cooling mode, the solenoid valve 907 of
the liquid line header 906 is closed, thereby preventing
liquid refrigerant from entering the two loops
901-2,901-3 which are downstream of the solenoid
valve 907. The refrigerant vapor header check valve
905 is maintained closed by hot high pressure gas, so
that such hot gas is directed only to the first ground
loop 901-1. The three heating “TX” wvalves
908-1,908-2,908-3 are maintained closed as a result of
their equalizer lines 917 being connected to the cur-
rently high pressure refrigerant vapor header 904
downstream of the check valve 905. Residual liquid
refrigerant is evaporated and scavenged through the
liquid refrigerant scavenger line 918 which is upstream
from the check valve 905 to the accumulator 919 and
then to the compressor 922. Compressed refrigerant is
passed through the reversing valve 920 and into the hot
gas header 904 which i1s downstream of the check valve
905. The heat pump 11 1s allowed to reject 1ts heat to the
ground at a pressure which i1s high enough to force
liquid refrigerant through the liquid refrigerant line
903-1 connected to the inlet port 910-4 of the cooling
“TX” valve 908-4 and the by-pass capillary tube 913-1
of the heating “TX” valve 908-1. The cooling “TX”
valve 901-4 is allowed to meter the correct amount of
liquid refrigerant into the air coil 914 by virtue of the
placement of its controlling bulb 912-4 and equalizer
port 911-4 a short distance from the air/refrigerant coil
outlet port 915. Warmed refrigerant gas is withdrawn
from the air coil 914 into the suction line and through
the reversing valve 920 into the accumulator 919 and
thence to the compressor suction inlet 923.
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CONCLUSION

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions. Consequently, such changes and modifica-
tions are properly, equitably, and “intended” to be,
within the full range of equivalence of the following
claims.

I claim:

1. A loop system for use in combination with a “DX”
heat pump system comprising:

a) three loops, a first loop including a dual purpose
suction/hot gas line and a liquid line, and second
and third loops, said second and third loops each
including a suction line and a liquid line, each loop
being adapted to be buried underground in heat
exchange relationship with earth;

b) a refrigerant vapor header provided with a check
valve; |

c) means connecting said suction/hot gas line of said
first loop to said refrigerant vapor header down-
stream of said check valve;

d) means connecting said suction lines of each of said
two other said loops to said refrigerant vapor
header upstream of said check valve;

e) a liquid line header provided with an electric sole-
noid valve;

(f) means connecting said liquid line of said first loop
to said liquid line header upstream of said electric
solenoid valve;

and g) means connecting said liquid lines of each of
said other two loops to said liquid line header
downstream of said electric solenoid valve.

2. Said loop system of claim 1 including (h) a scav-
enging line connected between said refrigerant vapor
header upstream of said check valve and an accumula-
tor.

3. Said loop system of claim 1 including: (1) a liquid
line provided with a “TX” valve connected to said
liquid line header.

4. Said loop system of claim 1 including (h) a scav-
enging line connected between refrigerant vapor header
upstream of said check valve and an accumulator; and
(1) a liquid line provided with a “TX" valve connected
to said liquid line header.

5. A geothermal heating and air conditioning system,
comprising:

(1) a compressor means for compressing a refrigerant;

(1) one or more indoor coils for heat exchange be-
tween said refrigerant and inside air;

(111) at least three outdoor loops which are placed
vertically or horizontally below ground for heat
exchange between said refrigerant and earth sur-
rounding said outdoor coils, said loops being so
designed in terms of volume that said refrigerant
charge 1s correct in said heating mode when split
into three loops and is also correct in said cooling
mode when only one loop 1s used;

(iv) a reversing valve which controls said direction of
flow of said refrigerant as it leaves said compressor
so as to direct said refrigerant header to said
ground coil or to said indoor coils; and

(v) an internal heat pump solenoid valve, a check
valve and an evacuation line header configuration
which enables said manipulation of said heat ex-
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change capabilities of earth exchange coils and
reposition refrigerant charge to suit said heating or
cooling mode as required using said same refriger-
ant charge in both modes of operation.

6. A “DX” heat pump system comprising:

a) three earth loops, a first earth loop including a
suction line and a liquid line, and said second or
third loops including a suction hine and a liquid line,
each loop being adapted to be buried underground
in heat exchange relationship with earth;

b) a refrigerant vapor header provided with a check
valve;

¢) means connecting said suction/hot gas line of a
first said loop to said refrigerant vapor header
downstream of said check valve;

d) means connecting said suction lines of each of said
two other loops to said refrigerant vapor header
upstream of said check valve;

e) a liquid line header provided with an electric sole-
noid valve;

f) means connecting said liquid line of said first loop
to said liquid line header upstream of said electric
solenoid valve; “

g) means connecting said liquid lines of each of said
other two loops to said liquid line header down-
stream of said electric solenoid valve;

h) a scavenging line connected between said refriger-
ant vapor header upstream of said check valve and
an accumulator;

1) a liquid line provided with a “TX” valve connected
to said liquid line header;

}) a reversing valve having two inlets and two outlets;

k) a compressor having an inlet and an outlet, said
outlet being connected to said hot gas inlet of said
reversing valve;

1) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
Pressor;

m) one outlet of said reversing valve being connected
to said inlet of an air condenser;

n) said common suction outlet of said reversing valve
being connected to said inlet of said accumulator;

and o) a second inlet of said reversing valve being
connected to said refrigerant vapor header down-
stream of said check valve.

7. A “DX” heat pump system comprising in said

heating mode, said system:

(a) three earth loops, a first earth loop including a
suction line and a liquid line, and said second and
third loops including a suction line and a liquid line,
each loop being adapted to be buried underground
in heat exchange relationship with earth;

(b) a refrigerant vapor header provided with a check
valve; |

(c) means connecting said suction line of a first said
loop to said refrigerant vapor header downstream
of said check valve;

(d) means connecting said suction lines of each of said
two other loops to said refrigerant vapor header
upstream of said check valve;

(e) a liquid line header provided with an electric
solenoid valve;

(f) means connecting said liquid line of said first loop
to said liquid line header upstream of said electric
solenoid valve; |

(g) means connecting said liquid lines of each of said
other two loops to said liquid line header down-
stream of said electric solenoid valve;
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(h) a scavenging line connected between said refrig-
erant vapor header upstream of said check valve
and an accumulator;

(i) a liquid line provided with a *“TX” valve con-
nected to said liquid line header; 5

(j) a reversing valve having two inlets and two out-
lets:

(k) a compressor having an inlet and an outlet, said
outlet being connected to said hot gas inlet of said
reversing valve; 10

(1) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor;

(m) said hot gas outlet of said reversing valve being
connected to said inlet of an air condenser; 15

(n) a common suction outlet of said reversing valve
being connected to said inlet of said accumulator;

and (o) said suction inlet of said reversing valve being
connected to said refrigerant vapor header down-
stream of said check valve. 20

8. A “DX” heat pump system comprising in said

cooling mode, said “DX” heat pump systemn compris-
ing:

(a) three earth loops, a first loop including a hot gas
line and a liquid line, and said second and third 25
loops including a suction line and a liquid line,
which are operationally idle during such cooling
mode, each loop being adapted to be buried under-
ground in heat exchange relationship with said
earth; 30

(b) a refrigerant vapor header provided with a check
valve;

(c) means connecting said hot gas line of a first loop
to said refrigerant vapor header downstream of
said check valve; 35

(d) means connecting said idle suction lines of each of
said two other loops to said refrigerant vapor
header upstream of said check valve;

(e) a liquid line header provided with an electric
solenoid valve; 40

(f) means connecting said liquid line of said first loop
to said liquid line header upstream of said electric
solenoid valve;

(2) means connecting said liquid lines of each of said
other two loops to said liquid line header down- 45
stream of said electric solenoid valve;

(h) a scavenging line connected between said refrig-
erant vapor header upstream of said check valve
and an accumulator;

(i) a liquid line provided with a “TX” valve con- 50
nected to said liquid line header;

(j) a reversing valve having two 1nlets and two out-
lets;

(k) a compressor having an inlet and an outlet, said
outlet being connected to said hot gas inlet of said 55
reversing valve;

() an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor;

(m) said suction inlet of said reversing valve being 60
connected to said outlet of an air evaporator;

(n) said suction outlet of said reversing valve being
connected to said inlet of said accumulator;

(o) said hot gas outlet of said reversing valve being
connected to said refrigerant vapor header down- 65
stream of said check valve.

9. A capillary balanced feed “DX” heat pump system

of claim 6 in said heating mode, said system comprising:

24

(a) three earth loops, a first loop including a dual
purpose refrigerant vapor line and a liquid line, and
said second and third loops, which are operation-
ally idle during said cooling mode, including a
suction line and a liquid line, each being adapted to
be buried underground in heat exchange relation-
ship with said earth;

(b) a refrigerant vapor header provided with a check
valve;

(c) means for connecting said refrigerant vapor line of
said first loop and said refrigerant header down-
stream of said check valve;

(d) means for connecting said suction lines of each of
said other two loops to said refrigerant vapor
header upstream of said check valve;

(e) a liquid line header provided with an electric
solenoids valve; |

(f) a bypass liquid line check valve in parallel with a
first capillary tube whose inlet is connected to said
first earth loop liquid line near said outlet of said
first capillary tube and whose outlet is connected to
said liquid line header upstream of said solenoid
valve;

(g) three capillary tube restriction devices to provide
balance refrigerant metering in said heating mode,
each capillary tube having one inlet and one outlet;

(h) a thermostatic expansion valve to act as a primary
refrigerant metering device, and having one inlet
and one outlet, an equalization port and a gas filled
controlhing bulb;

(i) means for connecting said equalization tube of said
thermostatic expansion valve to said common suc-
tion outlet of said reversing valve;

(j) means for placing said thermostatic expansion
valve controlling bulb in said thermal contact with
said common suction outlet of said reversing valve;

(k) means for connecting said inlet of said first capil-
lary tube to said liquid line header upstream of said
solenoid valve;

(1) means for connecting said outlet of said first capil-
lary tube to said liquid line of said first earth loop;

(m) means for connecting said inlet ports of said sec-
ond and third capillary tubes to said liquid line
header downstream of said solenoid valve;

(n) means for connecting said outlets of said second
land third capillary tubes to said liquid lines of said
second and third earth loops, respectively;

(0) a scavenging line connected between said refrig-
erant vapor header upstream of said check valve
and said inlet of said accumulator;

(p) a reversing valve having two inlets and two out-
lets;

(q) a compressor having an inlet and an outlet, said
outlet being connected to said refrigerant vapor
inlet of said reversing valve; and

(r) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor, said hot gas outlet of said reversing valve
being connected to said inlet of said air condenser
coil, and said suction inlet of said reversing valve
being connected to said refrigerant vapor header
downstream of said check valve.

10. A capillary balanced feed “DX” heat pump sys-

tem of claim 6 in said coiling mode, said “DX” heat
pump system comprising:

(a) three earth loops, a first loop including dual pur-
pose refrigerant vapor line and a liquid hne, and
said second and third loops which are operation-
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ally idle during said cooling mode, including a
suction line and a liquid line, each loop being
adapted to be buried underground in a heat ex-
change relationship with said earth;

(b) a refrigerant vapor header provided with a check
valve;

(c) means for connecting said refrigerant vapor lien of
said first loop and said refrigerant header down-
stream of said check valve;

(d) means for connecting said idle suction lines of
each of said two other loops to said refrigerant
vapor header upstream of said check valve;

(e) a liquid line header provided with an electric
solenoid valve;

(f) a bypass liquid line check valve in parallel with a
first capillary tube whose inlet is connected to said
first earth loop liquid line near said outlet of said
first capillary tube and whose outlet 1s connected to
said liquid line header upstream of said solenoid
valve;

() three capillary tube restriction devices to provide
balance refrigerant metering in said heating mode,
each capillary tube having one inlet and one outlet;

(h) a thermostatic expansion valve to act as said pri-
mary refrigerant metering device having one inlet
and one outlet, an equalization port and a gas filled
controlling bulb;

(i) means for installing a capillary tube bypass be-
tween said inlet and outlet of said thermostatic
expansion valve;

{(j) means for connecting said equalization tube of said
thermostatic expansion valve to said common suc-
tion outlet of said reversing valve;

(k) means for placing said thermostatic expansion
valve controlling bulb in said thermal contact with
said common suction outlet of said reversing valve;

() means for connecting said inlet of said first capil-
lary tube to said liquid line header upstream of said
solenoid valve;

(m) means for connecting said outlet of said first
capillary tube to said liquid line of said first earth
loop;

(n) means for connecting said inlet ports of said sec-
ond and third capillary tubes to said liquid line
header downstream of said solenoid valve;

(0) means for connecting said outlets of said second
and third capillary tubes to said liquid lines of said
second and third earth loops, respectively,

~ (p) a scavenging line connected between said refrig-
erant vapor header upstream of said check valve
and said inlet of said accumulator;

(q) a reversing valve having two inlets and two out-
lets;

(r) a compressor having an inlet and an outlet, said
outlet being connected to said hot gas inlet of said
reversing valve; and

(s) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor, said hot gas outlet of said reversing valve
being connected to said refrigerant vapor header
and to said hot gas inlet of said first ground loop,
said common suction outlet of said reversing valve
being connected to said inlet of said accumulator,
and said suction inlet of said reversing vaive being
connected to said refrigerant vapor outlet of said
alr evaporator coil.
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11. An individually “TX” valve metered “DX” heat

pump system of claim 6 in said heating mode, said
“DX” heat pump system comprising:

(a) three earth loops, a first loop including a refriger-
ant vapor line and liquid line, and said second and
third loops including a suction line and a liquid line,
each loop being adapted to be buried underground
in heat exchange relationship with said earth;

(b) a refrigerant vapor header provided with a check
valve;

(c) means for connecting said refrigerant vapor line of
said first loop to said refrigerant header down-
stream of said check valve;

(d) means for connecting said suction lines of each of
said other two loops to said refrigerant vapor
header upstream of said check valve;

(e) a liquid line header provided with an electric
solenoid valve:

(N three thermostatic expansion valves to provide
refrigerant metering in said heating mode, each
valve having one inlet and one outlet, an equaliza-
tion port and a gas-filled controlling bulb;

(g) one thermostatic expansion valve to provide re-
frigerant metering in said cooling mode, and hav-
ing one inlet and one outlet, and equalization port
and a gas-filled controlling bulb;

(h) said inlet and outlet of said heating thermostatic
expansion valves;

(i) means for connecting said inlet line of one heating
thermostatic expansion valve to said liquid line
header upstream of said solenoid valve;

(j) means for connecting said outlet of said thermo-
static expansion valve to said liquid line of said first
earth loop;

(k) means for connecting said equalization tube of
said thermostatic expansion valve to said refriger-
ant vapor header downstream of said check valve;

() means for placing said thermostatic expansion
valve controlling bulb in said thermal contact with
said refrigerant vapor line of said first loop a short
distance from its connection to refrigerant vapor
header;

(m) means for connecting said inlet ports of said sec-
ond and third heating thermostatic expansion
valves to said liquid line header downstream of said
solenoid valve;

(n) means for connecting said outlet ports of said
second and third thermostatic expansion valves to
said liquid lines of said second and third earth loops
respectively;

(0) means for connecting said equalization ports of
saild second and third thermostatic expansion
valves to said refrigerant vapor header down-
stream of said check valve;

(p) means for placing said thermostatic expansion
valve controlling bulbs of said second and third
thermostatic expansion valves in said thermal
contact with said suction lines of said second and
third earth loops respectively, a short distance
from said connection to said refrigerant vapor
header:

(q) means for connecting said inlet port of said cool-
ing said thermostatic expansion valve to said liquid
line of said first earth loop downstream of said
outlet of said heating said thermostatic expansion
valve and capillary bypass tube;
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(r) means for connecting said outlet port of said cool-
ing said thermostatic expansion valve to said liquid
line header upstream of said solenoid valve;

(s) means for connecting said equalizer line of said
cooling said thermostatic expansion valve to said
refrigerant vapor line of said air/refrigerant heat

exchanger coil a short distance from said outlet of

said coil;

(t) means for placing said controller bulb of said cool-
ing said thermostatic expansion valve in said ther-
mal contact with said refrigerant vapor line of said
air/refrigerant heat exchanger coil a short distance
from said vapor port of said coil;

(u) a scavenging line connected between said refrig-
erant vapor header upstream of said check valve
and said accumulator;

(v) a reversing valve having two inlets and two out-
lets;

(w) a compressor having an inlet and an outlet, said
outlet being connected to said hot gas inlet of said
reversing valve; and

(x) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor, said hot gas outlet of said reversing valve
being connected to said vapor port of said air con-
denser, said common suction outlet of said revers-
ing valve being connected to said inlet of said accu-
mulator, and said suction inlet of said reversing
valve being connected to said refrigerant vapor
header downstream of said check valve.

12. An individual “TX” valve metering “DX’ heat

pump system of claim 6 in said cooling mode, said

“DX” system comprising:

(a) three earth loops, a first loop including a hot gas
line and a liquid line, and said second and third
loops including a suction line and a liquid line,
which are operationally idle during such cooling
mode, each loop being adapted to be buried under-
ground in heat exchange relationship with said
earth;

(b) a refrigerant vapor header provided with a check
valve;

(c) means for connecting said refrigerant vapor line of
said first loop to said refrigerant vapor header
downstream of said check valve;

(d) means for connecting said suction lines of each of
said other two loops to said refrigerant vapor
header upstream of said check valve;

(e) a liquid line header provided with an electnc
solenoid valve;

(f) three said thermostatic expansion valves to pro-
vide a refrigerant metering in said heating mode,
each valve having one inlet and one outlet, an
equalization port and a gas filled controlling bulb;

(g) one said thermostatic expansion valve to provide
refrigerant metering in said cooling mode and hav-
ing one inlet and one outlet, an equalization port
and a gas-filled controlling bulb;

(h) means for installing a capillary tube bypass be-
tween said inlet and outlet of said heating said
thermostatic expansion valves;

(i) means for connecting said inlet line of one heating
said thermostatic expansion valve to said liquid line
header upstream of said solenoid valve;

(j) means for connecting said outlet of said first heat-
ing said thermostatic expansion valve to said hquid
line of said first earth loop;
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(k) means for connecting said equalization tube of
said thermostatic expansion valve to said refriger-
ant vapor header downstream of said check valve;

(1) means for placing said thermostatic expansion
valves controlling bulb in said thermal contact
with said refrigerant vapor line of said first loop a
short distance from its connection to said refriger-
ant vapor header;

(m) means for connecting said inlet ports of said sec-
ond and third heating said thermostatic expansion
valves to said liquid line header downstream of said
solenoid valve;

(n) means for connecting said outlet ports of said
second and third said thermostatic expansion
valves to said liquid lines of said second and third
earth loops respectively;

(o) means for connecting said equalization ports of
said second and third valves to said refrigerant
vapor header downstream of said check valve
means for placing said thermostatic expansion
valve controlling bulbs of said second and third
valves in said thermal contract with said suction
lines of said second and third earth loops respec-
tively a short distance from said connection to said
refrigerant vapor header;

(p) means for connecting said inlet port of said cool-
ing said thermostatic expansion valve to said liquid
line of said first earth loop downstream of said
outlet to said heating said thermostatic expansion
valve;

(q) means for connecting said outlet port of said cool-
ing said thermostatic expansion valve to said liquid
line header upstream of said solenoid valve;

(r) means for connecting said equalizer line of said
cooling said thermostatic expansion valve to said
refrigerant vapor line of said air/refrigerant heat
exchanger coil a short distance from said vapor
port of said coil;

(s) means for placing said controller bulb of said cool-
ing said thermostatic expansion valve on said re-
frigerant vapor line of said air/refrigerant heat
exchanger coil a short distance from said vapor
port of said coil;

(t) a scavenging line connected between said refriger-
ant vapor header upstream of said check valve and
extending to said inlet of said accumulator;

(u) a reversing valve having two inlets and two out-
lets, a compressor having an inlet and an outlet,
said outlet being connected to said hot gas inlet of
said reversing valve; and

(v) an accumulator having an inlet and an outlet, said
outlet being connected to said inlet of said com-
pressor, said hot gas outlet of said reversing valve
being connected to said refrigerant vapor header
and to said hot gas inlet of said first ground loop
said common suction outlet of said reversing valve
being connected to said inlet of said accumulator,
and said suction inlet of said reversing valve being
connected to said refrigerant vapor port of said air
evaporator coil.

13. A method for operating said “DX” heat pump

system of claim 6 in said heating mode, said method

65 comprising said steps of:

(i) placing liquid refrigerant in each of said earth loop
coils in an amount which is insufficient to fill said
coils;
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(1) opening said solenoid valve to permit liquid re-
frigerant to flow down each of said liquid lines of
said loops;

(u1) allowing vaporized refrigerant to flow upwardly
in each of said suction/hot gas lines to said refriger-
ant vapor header;

(iv) flowing warmed gas from said three suction lines
and said refrigerant vapor header through said
reversing valve and said to said accumulator and to
said compressor;

(v) flowing compressed refrigerant gas from said
compressor through said reversing valve to said air
condenser; and "

(vi) withdrawing liquid refrigerant from said air con-
denser through a liquid line having a TX valve
therein.

14. A method of operating said “DX” heat pump
system of claim 8 in said cooling mode, said method
comprising said steps of:

(1) closing said solenoid valve, said preventing liquid
refrigerant from entering said two loops which are
downstream of said solenoid valve;

(ii) high pressure hot discharge gas closes said check
valve to assure that warmed refrigerant gas in re-
frigerant vapor header enters only said suction/hot
gas line which is downstream of said valve;

(111) scavenging residual liquid refrigerant from said
liquid refrigerant lines which are upstream of said
solenoid valve to said accumulator and said to said
COMPpIessor;

(iv) passing compressed refrigerant through said re-
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versing valve and into said suction hot gas hine

which is downstream of said check valve:

(v) allowing said heat pump to reject its heat to said
ground at a pressure which 1s high enough to force
liquid refrigerant through said hquid refrigerant
line connected to said liquid refrigerant header
downstream of said solenoid valve;

(v1) passing hiquid refrigerant through said expansion
valve and into said air evaporator; and

(vii) withdrawing warmed refrigerant gas from said
atr evaporator into said suction line and through
satd reversing valve to said accumulator.

15. A method for operating said “DX” heat pump of
claim 9 1n said heating mode, said method comprising
said steps of: |

(1) opening said liquid line solenoid valve;

(11) maintaining said bypass check valve around said
first capillary tube closed by high pressure liquid;

(1) allowing said thermostatic expansion valve to
meter liquid refrigerant to said liquid line header as
per said signal of said controller bulb;

(iv) allowing said capillary tubes to restrict said flow
slightly so that equal pressure is maintained on said
inlet side of each capillary tube;

(v) allowing liquid refrigerant to flow down said
liquid lines;

(vi) allowing vaporized refrigerant to flow upwardly
in each- of said suction lines and said refrigerant
vapor header through said reversing valve and to
said accumulator and to said compressor;

(vii) flowing compressed refrigerant gas from said
compressor through said reversing valve to said air
condenser; and

(viii) withdrawing liquid refrigerant from said air
condenser through a liquid line towards said liquid
line, said thermostatic expansion valve and liquid
line header.
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16. A method for operating said “DX"” heat pump of

claim 10 in said cooling mode, said method comprising
said steps of:

(1) closing said liquid line solenoid valve;

(1) maintaining said bypass check valve around said
first capillary tube open by high pressure liquid;
(111) evaporating and scavenging residual liquid refrig-
erant from idle second and third suction lines into

said accumulator and said to said compressor;

(iv) passing compressed refrigerant through said re-
versing valve and into said hot gas line which is
downstream of said check valve on said refrigerant
vapor header;

(v) allowing said heat pump to reject its heat to said
ground at a pressure which is high enough to force
liquid refrigerant up said hquid line;

(vi) allowing said liquid refrigerant to flow through
said hiquid line check valve and capiliary tube on
satd first ground loop, to said thermostatic expan-
sion valve inlet;

(vi1) allowing said thermostatic expansion valve to
meter liquid refrigerant to said air coil evaporator
as per said signal of said controller bulb; and

(vin) withdrawing warmed refrigerant gas from said
air evaporator into said suction line and through
said reversing valve into said accumulator and said
to said compressor suction inlet.

17. A method for operating said “DX” heat pump of
claim 11 in said heating mode, said method comprising
said steps of:

(1) opening said liquid hine solenoid valve;

(1) maintaining said cooling said thermostatic expan-
sion valve closed by virtue of its equalizer tube
being connected to said refrigerant vapor port of
said air coil which 1s under high pressure during
said heating mode;

(1) allowing said liquid refrigerant to flow into said
liquid line header;

(iv) allowing said heating said thermostatic expansion
valves to meter liquid refrigerant down each of
said three earth loops as per said signal of said
respective controller bulbs;

(v) allowing said vaporized refrigerant to flow up-
wardly in each of said suction lines and said refrig-
erant vapor header through said reversing valve
and said to said accumulator and to said compres-
SOT;

(v1) flowing compressed refrigerant gas from said
compressor through said reversing valve to said air
condenser; and

(vil) withdrawing liquid refrigerant from said air
condenser through a liquid line towards said hiquid
line header.

18. A method for operating said “DX” heat pump of
claim 12 in said cooling mode, said method comprising
said steps of:

(1) closing said solenoid valve, said preventing liquid
refrigerant from entering said two loops which are
downstream of said solenoid valve;

(11) maintaining said refrigerant vapor header check
valve closed by hot high pressure gas, whereby
said got gas is directed only to said first ground
loop;

(i) maintaining said three heating said thermostatic
expansion valves closed as a result of said equalizer
tubes being connected to said currently high pres-
sure refrigerant vapor line downstream of said
check valve;
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(1v) evaporating and scavenging residual liquid re- pass capil]ary tube of said heating said thermostatic
frigerant from said liquid refrigerant lines which expansion valve;

(vii) allowing said cooling said thermostatic expan-

sion valve to meter said correct amount of liquid

5 refrigerant into said air evaporator by virtue of said
placement of its controlling bulb and equalizer tube

a short distance from said refrigerant vapor outlet;

are downstream of said solenoid valve to said accu-
mulator and said to said compressor;

(v) passing compressed refrigerant through said re-
versing valve and into said refrigerant vapor line
which is downstream of said check valve;

and
(vi) allowing said heat pump to reject it heat to said (viii) withdrawing warmed refrigerant gas from said
ground at a pressure which is high enough to force 1 air evaporator into said suction line and through
liquid refrigerant through said liquid refrigerant said reversing valve into said accumulator and to
line connected to said inlet port of said cooling said said compressor suction inlet.

thermostatic expansion valve and through a by- = *x % *
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